In Brazil, single use diathermy pencils (SUDP) are among the most common reused devices.
Introduction
The evolution of healthcare technologies has led to the increasing development of medical devices identified by their producers as single use. This raises the costs of healthcare assistance and makes access to health services more difficult for the economically less favored.
Reprocessing and reusing single use medical devices is a common practice in developing countries (Africa, Asia, Eastern Europe, Central and South America), where there is a shortage of medical and financial resources (1) (2) . A national survey conducted in
Brazil from 1999 to 2001 demonstrated that 97% of 119 institutions reported reuse of single-use devices during hemodynamic procedures (3) .
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Brazilian study developed and proposed a methodology for reuse cost analysis. The authors demonstrated that once the reuse is carried out following the best procedures, the costs are considerable, and can even be high if the risk of adverse events is increased by the number of times any device is reused (4) . Although costs were analyzed, there are no conclusive studies regarding sterilization safety in the practice of reusing single use medical devices (5) (6) (7) .
Among the medical devices reused in many hospitals in Brazil, it is common practice to reuse the Single Use Diathermy Pencil (SUDP), an instrument suitable for cutting and cauterizing tissues in surgery. However, there is not enough scientific evidence to guarantee the safety of this practice. This study assesses the sterilization efficacy of reprocessing diathermy pencils, using two 
Methods

SUDP Sample selection
Sample size was determined estimating a 2% interval for the event (Hypothesis H1) and a 95% interval for the null hypothesis (Hypothesis H0), considering a 5% alpha risk (p≤ 0.05).
The present study used 1,816 units of SUDP (Valleylab ® ) which were donated by a hospital after their first use; they were cleansed manually using an enzymatic detergent solution, dried and subsequently sterilized with Ethylene Oxide (ETO). A sample of 360 units was randomly obtained from this SUDP universe through systematic probability sampling, selecting multiples of eight pencils.
SUDP Preparation
Intentional microbial contamination of the SUDP was performed at the Microbial Laboratory of the College of Nursing at the Universidade de São Paulo, using Bacillus subtilis 10 6 spores U.F.C./mL. Each SUDP was submitted to manual and unidirectional contamination across its entire external length, including the electric wire and using gauzes drenched in this inoculum broth by way of 10 consecutive movements and followed by natural drying to allow the adherence of microorganisms. The manual cleansing was performed by friction using a towel soaked in an enzymatic detergent solution along the length of the SUDP including its electric wire.
SUDP Cleansing and wrapping
The detergent was removed using a sponge moistened with tap water.
All SUDP had their external parts dried with a clean dry sponge and the internal parts with a clean air jet.
The SUDP were wrapped and labeled according to the sterilization method used. Medical grade paper bags were used for both ETO and LTSF methods and Tyvek™ wrapping was used for HPP. A class 6 chemical emulator (Browne™) compatible with each sterilization process was placed inside every package. 
SUDP Sterilization
Sterility evaluation
After sterilization, all samples were sent for Rev. Latino-Am. Enfermagem 2010 Jan-Feb; 18(1):81-6.
Controls
As a control for the reprocessing methods, we chose to use 36 new diathermy pencils labeled by the manufacturer as "reusable" (Conmed™), and therefore should achieve the best results in terms of sterility efficacy. All procedures for the intentional contamination, cleansing, drying, packaging and sterilization were performed on these items in exactly the same way as described for the SUDP. Manual cleansing was used on 18 Reusable Diathermy Pencils (RDP) followed by LTSF, ETO and PPH. Automated cleansing was applied to 18 RDP followed by LTSF, ETO and PPH, as well. Figure   1 shows the sample distribution scheme for each method.
Statistical analysis
The probability of failure in the sterilization process 
Results
Eight SUDP were lost due to technical problems, reducing the total number of samples to 352 items.
SUDP sterility evaluation results are shown on Table 1 .
The overall probability of failure in the SUDP sterilization process was 0.26 (90/352). The sterilization method which presented the lowest probability of failure was the LSTF (0.01), followed by ETO (0.21) and HPP (0.56).
Microbiological results showed that the use of automated cleansing obtained a better result than manual cleansing in sterilization analysis (p< 0.0001; RR=0.16,
IC=0
.09-0.28). When using manual cleansing, the overall failure probability in the process was 0.44. Compared to automated cleansing, the use of manual cleansing increased the probability of sterilization failure in both the ETO and HPP methods. The probability of failure for ETO and HPP was 0.05 and 0.14 using automated cleansing versus 0.36 and 0.97 using manual cleansing. The probability of sterilization failure for RDP was 0.36 and statistical analysis showed no difference in positive results between SUDP and RDP (P = 0.24) ( Table   2 ). Neither cleansing method showed any significant difference in the sterility evaluation of RDP (P = 1.00) 85 www.eerp.usp.br/rlae
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nor when the sterilization process was performed by using LSTF (P >0.05). 
Discussion
Scientific evidence has demonstrated that cleansing is the cornerstone of reprocessing and is responsible for an important reduction in microbiological burden (8) .
In our trial, the automated method provided the best results in terms of sterility efficacy when compared to manual cleansing. Despite strictly following manufacturer recommendations (temperature and concentration of enzymatic detergent) in both methods, it was only possible to aggregate accessories for internal lumen cleansing when applying the automated method. These combined factors improve cleansing, as shown in another research project, which compared the efficacy of manual and automated cleansing for video laparoscopy lumened instruments (9) . However, the influence of cleansing methods proved to be insignificant when LTSF was used, as demonstrated by the results of both SUDP and RDP.
As a limitation of the present study, we did not assess the level of cleanliness before sterilization, which could have offered some insights into the subject.
The present study showed HPP sterilization to be ineffective in eliminating Bacillus subtilis spores in SUDP and RDP. This result was expected to a certain extent, as HPP sterilization possesses a low diffusion power and is significantly inactive in the presence of organic material.
According to Schneider, when compared with ETO, HPP has a diffusion power of 10:1000 (10) . Therefore, ETO sterilization would have been expected to give much better results than PPH which was not confirmed by the probability of sterilization failure comparing these two methods. Furthermore, although ETO sterilization (12/88 blend with HCFC) is considered to be the "gold standard" among low-temperature sterilization methods, it did not appear as the most effective method in our study. with complex designs (11) . These authors applied LTSF sterilization with a 37% formaline solution as a source of formaldehyde. In our study, we used the LTSF equipment with 336g paraformaldehyde tablets and achieved successful sterilization for SUDP and RDP. Both liquid and solid formulations are currently adopted as sources of formaldehyde gas in sterilization equipment.
The most intriguing point in our study is the absence of significant difference in the probability of sterilization failure between the SUDP and RDP. These results raise some concern regarding the criteria used for the classification of products as "single use" or "reusable". It seems that the 'single use' label on health products is determined by manufacturers, based mainly on the properties of the material of which they are made (non-noble plastic or some other type of elastomer) (12) .
In fact, worldwide labeling of the product as 'single use' or "reusable" has been determined exclusively by manufacturers, without the need to demonstrate scientific proof for their choice. Some studies have highlighted the fact that complex design makes adequate cleansing more difficult, and may allow organic material and mineral salts to remain in the material, exerting a protective effect on microorganisms when submitted to sterilization (6, 8, (13) (14) . endotoxins, blood protein residues, toxic residues from the cleansing and sterilization processes, etc. These risks should be studied in the future in order to better explore the complex reuse problem.
Conclusions
Our findings indicate that after the first use, reusable diathermy pencils presented the same probability of sterilization failure as single use models, except when the choice of cleansing and sterilization methods was In the present trial, the method utilized for cleansing (manual or automated) showed interference in the sterilization results. It was demonstrated that automated cleansing is better than manual cleansing.
Some sterilization methods can be more affected by residual dirt than others, particularly low temperature methods. In this trial, the LTSF proved to be less affected by residual dirt than other methods applied.
